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= Scientific motivations

— ERL Project at Cornell:

* what is ERL
% expected performance

= Potential Application Areas:

** nano-beam
+» coherence

= Summary
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Ultrafast Science ?
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Mode-locked Ti:Al,O,4 Laser EXAMPLE:
78 MHz repetition rate
50-70 fs pulse width Ultrafast Real-Time Spectroscopy
A=800 nm (1.58 eV) of Low Dimensional Charge
100 um spot Density Wave Compounds
0.1 — 1 pJ/cm?

Demsar, J., D. Mihailovic, V.V. Kabanov, and K. Biljakovic, Ultrafast Real-Time Spectroscopy of
Low Dimensional Charge Density Wave Compounds. arXiv:cond-mat/0401059v1, 2004.

Shen 4/30/2004



Different Regimes of Ultrafast ... ?

« ERL is ideally suited for studying
electronic transition states in condensed
matter at high repetition rate

1 kHz-100kHz, nJ,
ideal match to
ultrafast lasers and
isample considerations,
I'single photon regime

velocities in samples,
good for counting

imaging
Repetition
John Corlett rate

10-100Hz, mJ,

LUX — Linac-based limited by sampl‘e
damage, many high

Ultrafast X-Ray Source > — .
September 2003, Berkeley, CA ulse ene rgy field effects
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(CORNELL

Energy Recovery Linac (ERL) ?

Tigner, Nuovo Cimento 37, 1228 (1965)

Injector

}475-7(313\14—‘

<«+— 350-500 m —»

Dump

Storage Rings

Shen 4/30/2004




ERL at CESR
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Georg Hoffstaetter
LEPP / Physics
Cornell University

Laser driven
photo-injector

One option:
ERL @ CESR
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ERL as Possible Upgrade Path C;
to Existing Facilities
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Proposed Properties of Cornell ERL C%/

High High Short
coherence flux pulse
Energy (GeV) 5.3 9.3 5.3
Average current (mA) 10 1
Charge per bunch (nC) 0.008 0.08 1.0

Transverse emittance (nm-rad) 0.1 1x0.1

Bunch rms length (ps) 2 2
Maximum repetition rate (Hz) | 1.3x10° 1.3x10° 1x10°

Highest diffraction-limited energy (keV) 6.6 1 1

Undulator fundamental energy (keV) 8.3 8.3 8.3

Average flux (ph/s/0.1%) ii“” 8x10"

Average brilliance (ph/s/0.1%/mm?/mr?) [3x10%2> | 1.6x10%2 | 1.4x10'®
Peak brilliance (ph/s/0.1%/mm*mr?) | 5x10* 2x10% x10%*
Peak flux (ph/s/0.1%) | 1.3x10"7 | 1.3x10"
Photons per pulse |  8x10° 8x10° L 1x10°

Note: The parameters listed in the table above are based on extensive studies by the ERL group at
Cornell, with computer simulations and proper scaling procedures. Three different modes of operation
are envisioned: high flux, high coherence, and short pulses (ultrafast). The values in these columns
represent the expected initial performance at the start of the ERL operation, and future improvements
may be possible after multiple years of successful R&D using the ERL X-ray source.
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Transverse & Longitudinal Properties 9

E = 0,0, Diffraction limited
ESRF emittance @ 8 keV (M4n = 0.123 A-rad)
(4nm x 0.01nm) ERL emittance (0.15 A-rad)

ERL (no compression)
ERL (with \
compression)

230 fs H<¢ —» 4.7ps

>

t
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Expected Performance of ?
ERL Source
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Ultrafast Science with ERL ?

Thee, et al., Science 291,
458-462 (2001).

e Ultrafast structural studies

¢ ultrafast crystallography (wuiff, Moffat, ...)

)

« ultrafast wide-angle scattering (Zawail, Wulif, ...)

e Ultrafast x-ray spectroscopy

% high-spectral-resolution XAS (Cavalleri, Chen, ...)

=» <+ coherent spectroscopy (AE At ~ )

e Ultrafast materials physics

=P <+ magnetic pump-probe studies
=» < collective mode excitations = Short fs pulses

< perturbative nonlinear phenomena = High rep-rate
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Energy Level Difference (eV)

Ultrafast X-ray Spectroscopy

— two regimes
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Zewail (1984)
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(CORNELL

Analogy to X-ray Nuclear Scattering

7

Bergmann, Shastri, Siddons, Batterman, Hastings,
Phys. Rev. B 50 (1994) 5957-5961
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Coherent X-ray Spectroscopy CE;
in fs-regime
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Pump-Probe Magnetic Imaging
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Pump-Probe Magnetic Imaging

Fischer et al.
(SRI 2003)

microcoil Nig,Fe,, (50 nm)

At=+500ps At=+600ps
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Pump-Probe Magnetic Studies

S S—

2

= Magnetisation dynamics

spin fluctuation precession  domain wall motion
exchange interaction relaxation thermal activation

e Present: sub-ns magnetic pump-probe,
coherent scattering (Goedkoop et al., SRI 2003)
XMCD imaging (Fischer et al., SRI 2003)

e Future: spin dynamics in fs regime?
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CORNELL Resonance-Enhanced Charge Density
Wave Studies
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Joel Brock et al. (2004)
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Optical Reflectivity on TaS, & TaSe,

7

b) 2H-TaSe,

metallic
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Demsar, J., L. Forro, H. Berger, and D. Mihailovic, Femtosecond snapshots of gap-forming charge-

density-wave correlations in quasi-two-dimensional dichalcogenides 1T-TaS, and 2H-TaSe,.

Physical Review B, 2002. 66, 041101.
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Perturbative Nonlinear Phenomena ? (i;
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Summary Q;

+ Proposed ERL source at Cornell provides nano-beam, high-
coherence, and ultrafast capabilities at high rep-rate, and would
open up new application areas of synchrotron x-rays.

<+ |n the ultrafast area, the ERL would allow:

e Ultrafast structural studies < ultrafast crystallography & WAXS
e Ultrafast x-ray spectroscopy < ultrafast hi-resolution + coherence
e Ultrafast materials physics < magnetic pump-probe

«» collective mode excitations

< perturbative nonlinear x-ray physics

+ Novel application ideas are always welcome.

For more info, please visit http://erl.chess.cornell.edu/
- Poster #44 this afternoon.
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